We argue that the way to get the general solution of a Schrodinger equation in the presence of a timedependent linear potential based on the Lewis-Riesenfeld framework is to use a Hermitian linear invariant operator. We demonstrate that the linear invariant proposed in p and q is an Hermitian operator which has the Gaussian wave packet as its eigenfunction.
We recall that according to the theory of Lewis and Riesenfeld [14] , an invariant is an operator that must necessarily satisfy three requirements: 1. It is Hermitian. 2. It satisfies the Von Neumann equation. 3. Its eigenvalues are real and time-independent (we signal that the Hermiticity of the invariant is one of the essential conditions which makes the eigenvalues of the invariant time-independent). Furthermore, any invariant satisfying these three requirements leads to a complete set of solutions of the corresponding Schrodinger equation. So, a conventional solution is constructed as a linear combination of these solutions.
The problem is to find the solutions of the Schrodinger equation,
for the Hamiltonian
where F (t) is a time-dependent function.
According to the theory of Lewis and Riesenfeld [14] , a solution of the Schro¨dinger equation with a timedependent Hamiltonian is easily found if a nontrivial Hermitian operator I(t) exists and satisfies the invariant equation
Indeed, this equation is equivalent to saying that if ϕ λ (x, t) is an eigenfunction of I(t) with a time-independent eigenvalue λ, we can find a solution of the Schrodinger equation in the form ψ λ (x, t) = exp [iα λ (t)] ϕ λ (x, t) where α λ (t) satisfies the eigenvalue equation for the Schrodinger operator,
It turns out that the time-dependent invariant operator takes the linear form [9] I(t) = A(t)p + B(t)x + C(t).
The invariant equation is satisfied if the time-dependent coefficients are such that
where A 0 , B 0 , C 0 are arbitrary real constants.
The eigenstates of I(t) corresponding to time-independent eigenvalues are the solutions of the equation
It is easy to see that the solutions of Eq. (8) are of the form
Substituting Eq. (9) into Eq. (4) and accomplishing the integration, we obtain
note that the logarithmic term goes downstairs as a time-dependent normalization factor in ψ λ (x, t). Therefore the physical orthogonal wave functions ψ λ (x, t) solutions of the Schrodinger equation (1 ) are given by
It is easy to verify that
Furethermore, the evolution of the general Schrodinger state can be writen as
where g (λ) is a weight function which determines the state of the system such that Ψ (x, t) is square integrable i.e. | Ψ (x, t) | dx is time-independent finite constant. In Ref. [8] , it has been shown that the choice
leads to Airy function solutions.
Here we shall show that one obtains a general Gaussian wave-packet solution by choosing weight function as a gaussian too,
where a is a positive real constant. Substituting Eq. (11) and (15) into Eq. (13) and accomplishing the integration, we obtain the normalized Gaussian solution as
Let us now evaluate the mean value of x, p and the quantum coordinate and momentum fluctuation in the state Ψ (x, t) . After some algebra we find that
which is nothing but the classical position x c (t), and
is a classical momentum p c (t). The position uncertainty ∆x = x 2 − x 2 =hA (t)
and the momentum uncertainty
leads to the uncertainty relation
We can rewrite (16) as follows
Morever, the time-dependent probability density associated with this Gaussian wave packet is Gaussian for all times
we see that ∆x represents the width of the wave packet at time t. It is also readily verified tat the time-dependent probability density is conserved
Equations (22) and (23) describe a Gaussian wave packet that is centered at x = x whose width ∆x(t) varies with time. So, during time t, the packet's center has moved from x = 0 to x = −A (t) t 0
2 dt ′ and its width has expanded from ∆x 0 =hA 0 √ a to ∆x(t) = ∆x 0
A(t) A0
1 + . The wave packet therefore undergoes a distortion; although it remains Gaussian, its width broadens with time whereas its height,
, decreases with time. Further, it should be noted that the width of the Gaussian packet does not depend on the external force F (t). Thus the shape of the wave packet is not changed by the external force. This means that the external force F (t) acts uniformly in the wave packet.
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